Although firearm-related homicide-suicides and firearm-related suicides are tragic and catastrophic events, there is increasing evidence that the two events have different precipitants and that understanding these precipitants may help prevention efforts. We aimed to assess the role of interpersonal conflict (IPC) and recent crises in firearm-related homicide-suicides as compared with firearm-related suicides alone. We also assessed whether these differences were consistent across young and old perpetrators. Using an unmatched case-control study, we compared firearm-related homicide-suicides andsuicides alone from 2003 to 2011 in the National Violent Death Registry data to assess the risk associated with IPC and 
Introduction
Homicide-suicides, also referred to as dyadic deaths, involve homicide committed against one or more victims followed shortly thereafter by the suicide of the perpetrator (Marzuk, Tardiff, & Hirsch, 1992) . The rate of these events in the United States is approximately 3 per million persons accounting for as many as 1,500 deaths annually (Large, Smith, & Nielssen, 2009; Logan et al., 2008; Marzuk et al., 1992) . Homicide-suicide events often receive a great deal of public and media attention and can have a long-term psychological impact on survivors (Eliason, 2009; . Although there are similarities between homicide-suicides and homicides or suicides alone, there are many differences that indicate these devastating events should be viewed as distinct entities (Panczak, Geissbuhler, et al., 2013) .
Many studies characterize homicide-suicide occurrences as rare, dramatic events occurring in distinctive settings, motivated by interpersonal issues with definitive, yet common, individual and social determinants across different countries (Campanelli & Gilson, 2002; Logan et al., 2008; . The most common scenario involves a male perpetrator who takes his own life after killing his former intimate female partner (Comstock et al., 2005; . The perpetrators of homicide-suicide events as compared with suicide alone are more likely to be male, older, married, or separated from their victims and more likely to use a firearm, and less likely to be under the influence of alcohol, have a history of domestic violence, or recent unemployment (Panczak, Geissbuhler, et al., 2013) . In the United States, homicide-suicide perpetrators are more likely to be Black compared with perpetrators of suicide alone who are more likely to be White (Logan et al., 2008) . Nearly 90% of the homicide-suicides in the United States involve the use of a firearm, compared with 16% to 36% among countries within the European Union (Liem & Nieuwbeerta, 2010; Panczak, Geissbuhler, et al., 2013) .
Factors such as interpersonal conflict (IPC) and stressful events are considered to be important, yet shared risk factors leading up to homicidesuicides and separate events of homicides and suicides (Dowd, Knapp, & Fitzmaurice, 1994; Fowler, Gladden, Vagi, Barnes, & Frazier, 2015; Logan et al., 2008; Norstrom & Gronqvist, 2015) . However, IPC and antecedent crises may be of greater relevance in homicide-suicide incidents than in suicide alone. A 3-year analysis of violent deaths found that IPC precipitated homicide-suicide (Logan et al., 2008) whereas an Italian study found social stressors to be an important factor driving homicide-suicide (Roma et al., 2012) . Although these studies establish the risk of IPC and stressful events as risk factors of homicide-suicide over suicide alone, these studies are limited by sample size and lack of consideration of these risk factors together.
There is also some suggestion that the role of IPC and crises in precipitating homicide-suicide versus suicide alone differs by age. A recent study presented initial evidence regarding dissimilarities with regard to motivation of homicides-suicides where younger couples were motivated by personal relationship factors such as "jealousy" (De Koning & Piette, 2014) . Marital discord involving divorce and domestic violence was often implicated in homicide-suicide of older perpetrators (Bourget, Gagne, & Whitehurst, 2010; Malphurs & Cohen, 2005) . Although previous studies have attempted to understand the effect of age in homicides-suicides, there are no studies that explored the age-stratified difference in risk factors such as IPC and recent crisis of homicide-suicides.
We hypothesized that although IPC and crises maybe involved in instigating suicide, the role maybe greater in homicide-suicide events. Therefore, given this preliminary evidence about the role of IPC and crises in precipitating homicides-suicides versus suicide alone, we assessed (a) the factors associated with homicides-suicides versus suicide alone, (b) the risk of homicides-suicides versus suicide alone associated with IPC and recent crises, and (c) the differential risk of homicides-suicides versus suicide alone after IPC and recent crises by age. Given the preponderance of firearms as the cause of death in homicides-suicides and suicides in the United States (Liem, Barber, Markwalder, Killias, & Nieuwbeerta, 2011) , and the potential differences in etiology between firearm and nonfirearm homicides-suicides versus suicide (Logan et al., 2008) , we limited the analysis to firearm-related homicides-suicides and suicides alone.
Method

Data Source
The data used in this study were obtained through the National Violent Death Reporting System (NVDRS), a violent death information database collected by the Centers for Disease Control and Prevention (CDC). The details of the NVDRS data collection procedures are detailed elsewhere (Butchart, 2006; Paulozzi, Mercy, Frazier, & Annest, 2004) . The NVDRS is a surveillance system that pools information on violent deaths collected from multiple sources including state and local coroner/medical examiner reports, death certificates, law enforcement reports, crime laboratories, and vital statistics to better understand the circumstances involved in the violent event. We submitted a data request to the CDC's restricted access data center after obtaining an institutional ethics committee review board exempt status from Columbia University according to federal regulations for the protection of human research participants that allows analysis of de-identified secondary data.
Study Design
Using an unmatched case-control study design, we compared perpetrators of homicide-suicides with those who committed suicides alone to assess the independent effect of life and health factors.
Study Population
The defined study period was from 2003 to 2011 for which 17 states had voluntarily provided information to the NVDRS for at least a proportion of the intervening years. Figure 1 . Those events without the involvement of at least one firearm were excluded from our analysis. In addition, homicides involving law enforcement intervention or gang-related violence were also excluded from our study population because these were considered to represent special scenarios that are not apt for comparison with the traditional homicide-suicide events. The details of inclusion and exclusion are presented in Online Supplementary Appendices 1 and 3.
Case Ascertainment
The data from each violent event were initially organized into three groups based on intent of death, homicide, suicide, and homicide-suicide. A homicide-suicide was defined as a suicide event in which the perpetrator had committed at least one homicide in the preceding year. Several inconsistencies were noted in the events during this portion of case ascertainment. Each event was carefully reviewed and assigned to the appropriate groups. The details of this allocation are provided in Online Supplementary Appendices 1, 2, and 3. The resulting homicide-suicide events were comprised of one perpetrator who killed one or more victims prior to taking his or her own life. Because there were two groups for comparison within each homicide-suicide event (perpetrator and victim), the analysis was conducted with three distinct cohorts: (a) perpetrator of homicide-suicides, (b) victims of homicide-suicides, and (c) decedents of suicide alone. There were a total of 1,422 perpetrators of homicidesuicide events, who were compared with 41,244 decedents of suicide alone. With respect to victims, there were a total of 1,697 victims of homicide-suicide events, who were also compared with 1,422 perpetrators of homicide-suicide events. 
Covariates
Sociodemographic characteristics considered were gender, race (White, Black, and Other), ethnicity (Hispanic or not Hispanic), and marital status (never, previous, and current). Life factors were IPC, recent crisis in past 2 weeks, financial stressors, history of suicide, job/school issue, suicide/death of family or friend, recent criminal legal issues, and victim of interpersonal violence (IPV). Health factors were alcohol dependency, drug dependency, depression or mental health issues, and physical health problem. The setting for death, whether by homicide, suicide, or undetermined, was assessed for factors such as mental health history and status, whether a victim disclosed intent to die by suicide, IPCs, and criminal acts. Victim of IPV was recategorized as IPC, whereas alcohol and drug dependency was pooled for regression analysis. "Recent crisis" was when the person experienced a very current crisis or acute precipitating event that appears to have contributed to the death (e.g., the victim was just arrested, divorce papers were served that day, the victim was about to be laid off, the victim had a major argument with his or her spouse the night before, the victim broke up with her boyfriend and he killed her the next day).
Statistical Analysis
The sociodemographic and life factors were compared between perpetrators of homicide-suicide events and victims of suicides alone, and then with victims of homicide-suicides using descriptive statistics. Kaplan-Meier curves were constructed to compare the cumulative incidence between perpetrators of homicide-suicide events and victims of suicides alone (time-to-age at incident). Hazard ratios (HR) and 95% confidence intervals (95%CIs) were calculated to assess risk between perpetrators of homicide-suicide events and victims of suicides alone and by age (≤30 years and >30 years). We used mixed likelihood logistic regression with state of residence as random coefficient to assess the risk by IPC and recent crisis adjusted for other covariates and year of incident. Relative risk estimates were presented as odds ratios (ORs) and 95%CIs. A bivariate analysis was first performed by entering the specific covariate and adjusted for year of event. This was followed by multivariable regression to identify the risk of perpetrating homicide-suicide as compared with suicide alone due to IPC and recent crisis after adjusting for covariates. Interaction by age in the association between IPC and homicidesuicide as compared with suicide alone were performed using a test for interaction between the event types and age (≤30 vs. >30 years). Stratified analysis along with interaction tests was also performed to assess the differential in risk by age in the association between IPC and recent crisis, and type of incident. Those covariates with sample size <10 in the homicide-suicide cohort were not used for multivariable analysis. STATA version 13.1 was used for all analyses (College Station, TX, USA).
Results
There were a total of 3,119 homicide-suicide deaths in 1,422 events among 17 states between 2003 and 2011 in the NVDRS data. The total number of firearm-related homicide-suicide violent deaths in each year and state is presented in Online Supplementary Figure 2 , and the temporal distribution of firearm-related homicide-suicide violent deaths among all the homicidesuicide, homicide, and suicide violent deaths by states in the NVDRS data is presented in Online Supplementary Figure 3 . Figure 1 presents a beam plot representation of number of victims of firearm homicide-suicide events. Overall median was 1 victim per perpetrator and ranged from a minimum of 1 to a maximum of 32 (32 victims were a mass shooting incident, where the shooter shot 32 people and then killed himself). Table 1 presents the comparison of sociodemographic characteristics and life and health factors between perpetrators of homicide-suicide (n = 1,422) versus suicide only (n = 41,244) and between victims of Note. Survival curves of the two groups; homicide-suicide (solid line) and suicide alone (broken line) are time-dependent and cross at 33 years of age. The x-axis denotes the age at death, and y-axis is the cumulative incidence. NVDRS = National Violent Death Reporting System; CI = confidence interval; HR = hazard ratio; 95%CI = 95% confidence interval.
homicide-suicides (n = 1,697). The perpetrators of homicide-suicide were more likely to be male (93.3% vs. 86.4%), Black (21.4% vs. 6.6%), Hispanic (8.9% vs. 2.9%), previously married (41.4% vs. 29.5%), to have had IPC (21.1% vs. 0.5%), a crisis in the past 2 weeks (78.6% vs. 25.3%), and recent criminal or legal issues (18.9% vs. 7.9%) as compared with suicides only. In contrast, in comparison with suicides only, the perpetrators of homicidesuicide were less likely to have a history of suicide, job or school issue, suicide or death of a family member, a history of alcohol dependency, mental health issue, and physical health problem. Perpetrators of homicidesuicide as compared with their victims were more likely to be men, older, previously married (victims were currently married), have economic stress, have a history of suicide, have a crisis in the past 2 weeks, job or school issue, recent criminal/legal issues, alcohol dependency, depression, and history of physical health. Note. All estimates are from bivariate mixed likelihood logistic regression models with each covariate and adjusted for year; state as random coefficient. Suicide/ death of family or friend is not included in the regression (n<10). Interpersonal conflict includes victim of interpersonal violence. OR = odds ratio; 95%CI = 95% confidence intervals. Figure 2 presents and compares the Kaplan-Meier curves of time-tohomicide-suicide and time-to-suicide alone. Young perpetrators of homicide-suicides had more victims than the older ones: ≤30 versus >30 years, mean (standard deviation)-4.2 (8.6) versus 1.4 (0.9). Overall, the risk of firearm mortality was 24% greater among perpetrators of homicide-suicides as compared with suicide alone (HR = 1.24, 95% CI = [1.17, 1.30], p < .0001). In the age-dependent analysis, there was a 22% relative risk reduction in firearm mortality for perpetrators of homicide-suicides as compared with suicide alone (HR = 0.78, 95% CI = [0.72, 0.84], p < .0001) among those ≤30 years, while among those >30 years, the risk was 34% greater (HR = 1.34, 95% CI = [1.21, 1.48], p < .0001) (p-interaction < .0001). .67], p < .0001) and more likely to be minority race, older, Hispanic, and previously married. Table 2 presents the age-specific risk factors for perpetrating homicidesuicide as compared with suicide alone. In a multivariable model and adjusting for gender, race, ethnicity, marital status, and year of event, the independent risk factors for committing homicide-suicide among those ≤30 years were IPC (OR = 13.1, 95% CI = [8.32, 20 .6], p < .0001) and having a recent crisis (OR = 14.0, 95% CI = [9.76, 20 .1], p < .0001), whereas all other covariates did not increase the risk of homicide-suicide as compared with suicides alone. In a similar analysis among those >30 years, the independent risk factors for committing homicide-suicide among those ≤30 years were IPC (OR = 23.4, 95% CI = [18.2, 30.2], p < .0001) and having a recent crisis (OR = 14.5, 95% CI = [12.2, 17.1], p < .0001), whereas all other covariates did not increase the risk as compared with suicides alone. Preexisting IPC increased the risk of homicide-suicides over suicide alone among >30 years as compared with ≤30 years, p-interaction = .033. The interaction by age in the association of recent crisis and the risk of homicide-suicides over suicide alone was not significant (p-interaction = .64).
Discussion
We used the largest available violent data registry consisting of data from 17 states in the United States to compare firearm-related homicides-suicides with suicides. We found first that IPC and a recent crisis were the most important factors that increased the risk of committing homicide before suicide as compared with suicide alone. Second, we found an age-dependent effect for the risk of committing homicide-suicide as compared with suicide alone, where risk of homicide-suicide was less likely among those who were below or equal to 30 years as compared with above 30 years. Third, we found that the independent risk of homicide-suicide associated with IPC was twice greater among older perpetrators as compared with the younger ones.
We found that IPC experience is an important risk factor for homicidesuicide involving firearms; this is consistent with previous literature that did not restrict the analysis to firearms (Easteal, 1994; Eliason, 2009; Logan et al., 2008) . It has been well documented that most homicide-suicides involve a male perpetrator with a current or previous intimate partner as the victim (Easteal, 1994; Eliason, 2009) . A newspaper surveillance study noted 70.5% of homicide-suicides were spousal/consortial (Malphurs & Cohen, 2002) , corresponding with a review that estimated that one half to three quarters of all homicide-suicides involved intimate partners (Marzuk et al., 1992) . A previous analysis of NVDRS data from 2003 to 2005 also found that more than 55% of male perpetrators of homicide-suicide had prior IPC compared with only 26.4% of male suicide-only decedents (Logan et al., 2008) . Domestic violence was Note. Recent crisis is within past 2 weeks. All estimates from bivariate mixed likelihood logistic regression models are with each covariate and adjusted for year; state as random coefficient. Suicide/death of family or friend is not included in the regression (n < 10). NVDRS = National Violent Death Reporting System; OR = odds ratio, CI = confidence interval.
present in 54% of intimate partner homicide-suicides in a New Hampshire study (Campanelli & Gilson, 2002) . Similar to our results, other studies have noted a high prevalence of potential indicators of recent crisis such as divorce or separation among homicide-suicide events. For example, one study of Virginia residents found that 48% to 73% of homicide-suicides involved an impending divorce or separation (Hannah, Turf, & Fierro, 1998) . Although the trigger of a recent crisis is not specifically discussed in previous studies using the NVDRS database, an analysis using 2003 and 2004 data from NVDRS reports the high risk attributed to situational stressors such as recent legal issues or financial problems as drivers for homicide-suicide (Bossarte, Simon, & Barker, 2006) . The age-associated relationship regarding the risk of homicide-suicide as compared with suicide alone demonstrated in our study is consistent with observations from a study of Belgian residents that demonstrated a difference in intent among the younger and older offenders of homicide-suicides and that the younger offenders are often driven by intentions of amorous jealousy (De Koning & Piette, 2014) . Similar to our results, a study from the Netherlands found that, compared with other suicides, individuals committing a homicide-suicide were significantly younger than those committing suicide alone (Liem & Nieuwbeerta, 2010) . In addition, we also found a differential by age in the relation between IPC and risk of homicide-suicide; the independent effect of IPC was almost twice greater among those >30 years as compared with those younger. This suggests that the influence of IPC increases with age and further supports the notion that younger perpetrators of homicide-suicide are distinct from older perpetrators. This difference was also noted in a Swiss population study, where a bimodal distribution was observed among the male perpetrators and from a previous study using NVDRS data, which showed that perpetrators of homicide-suicides were more likely to be older men, and the most relevant risk factor was relationship problems (Logan et al., 2008) . A study from Belgium reported that the underlying influences for committing homicidesuicides are different according to age (De Koning & Piette, 2014) .
Our study has several limitations of which the most important one is that the identification of homicide-suicides was assessed from multiple data sources integrated into NVDRS data. Use of multiple data sources improves data accuracy by cross-validation of events and dates, but the chances of misclassification are also increased. Misclassification of outcome, either differential or nondifferential, may affect the association in different ways. In the event of misclassification bias, we expect it to be nondifferential in this study, where the degree of misclassification of outcomes (homicide-suicide vs. suicide alone) will be independent of the exposures (IPC). In this case-control design, such errors will bias the association toward unity, indicating that the actual estimates maybe even greater than those we report. Second, we are unable to assess or adjust for gun ownership. Homicides are committed by firearms characterized as crime guns (Cook, Molliconi, & Cole, 1973; Wintemute, Romero, Wright, & Grassel, 2004) , whereas suicides are performed by the victim's own firearm or the gun in the household (Siegel, Ross, & King, 2014) . NVDRS does not actively collect information on gun ownership, and only 18% of all violent incidents have some information on gun ownership. Third, the covariates we use in this study from NVDRS are derived from various official records. In the absence of any recorded information, such information is obtained from different sources such as family or unknown relative. Although the presence of these factors may be an accurate record, the absence does not necessarily mean the absence of such risk factors, but that the information was not recorded in the associated documents. Fourth, although data collection started in 2003, the data collection and participating states differ by year. The data collection procedures have been standardized only recently along with increasing state participation.
Implications
This case-control study using data from NVDRS highlights the high rates of firearm-associated homicide-suicide in the United States. In general, this study found that IPC and a triggering recent crisis to be the main risk factors for committing homicide-suicides compared with suicide alone. Importantly, the relationship with IPC is particularly true among older perpetrators as compared with younger ones. Understanding the reasons for the observed differences in the impact of IPC and crisis among perpetrators of different ages may contribute to better efforts that aim to mitigate the risk of homicide-suicides. Interventions tailored to different age groups maybe required along with policies to reduce homicide-suicides. epidemiology. Her current research focuses on the public health consequences of gun violence in the United States along with short-and long-term health outcomes of patients receiving treatment for cardiovascular diseases.
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